Abstract. The discovery of a new particle in the Higgs searches being prepared for LHC will not guarantee that the Standard Model Higgs boson has been seen. This paper discusses the possibilities for measuring the spin, parity and couplings of the particle, under the assumption that it does in fact behave like the Standard Model Higgs.
HIGGS MASS MEASUREMENT
The mass measurement depends upon the mass itself. Assuming, that a particle with properties close to the Standard Model Higgs boson has been found, then the measurement of that mass is most accurately performed by the ZZ * channel, which contributes for masses above around 125 GeV, and the γγ mode below about 140 GeV.
The resolution in the ZZ * → l + l − l + l − mode is 2 to 2.5 GeV per event, depending upon mass and chanel (e, µ), giving a statistical error of 0.4 GeV or better from 30 fb −1 for most of the mass range considered. The expected distribution for m H =150 GeV is shown in Fig. 1 (left) . The systematic errors are dominated by the lepton energy scale uncertainty of 0.5% to 0.2% or better, and are thus likely to be a significant concern. They will be controlled in many ways, including the use of the known Z peak in the
In the γγ channel the mass resolution is around 1.5 GeV, dependent upon the understanding of photon conversions in the material of the ATLAS tracker (Fig 1 right) . The systematic error will be more difficult than in the leptonic channels as the calibration is not directly applicable, and will be of order 0.5% or better. It is likely to dominate the resulting precision on the Higgs boson mass.
The electroweak fits constrain the Higgs mass only to of order 30%; thus a measurement at the level of 10% is sufficient to test the standard model. However, in minimal supersymmetry the mass of the lightest Higgs boson can be predicated in terms of the other model parameters, and a precision at least equal to that on the top quark mass is desirable. These goals should be achieved.
COUPLINGS
The total width of the Higgs boson varies between 4 MeV at 115 GeV to 300 MeV at 160 GeV. These will be too small to be measurable at ATLAS, but an upper limit should still be derived. Similarly, the lifetime is unobservable, consistency with zero of the lifetime can be checked in ZZ * ,WW * and ττ modes. Much more information can however be obtained from the measured branching ratios. ATLAS has many search channels and Fig 2 shows the sensitivity with which the most prominent of them would be sensitive to a Standard Model Higgs boson as a function of its mass. This gives a guide to the precision which could be achieved with this luminosity. It is gratifying to notice that there are always three channels giving at least two sigma from 160 GeV down to 130 GeV.
To give specific examples: for a 160 GeV Higgs the WW decay dominates, and it should be possible to access it in gluon fusion, vector boson fusion, and both associated modes. However, the other decay modes are suppressed, with the ZZ * in gluon fusion being the most important other observable channel. In contrast, for a 120 GeV Higgs boson, the rare γγ mode which will provide information on all the production processes, but requiring more data than the aforementioned WW . It will be accompanied by VBF H → ττ, and probably Higgs to bb via one or both of the associated production processes.
Thus several different products of production times branching ratio can be measured, and from these information on the fundamental couplings can be extracted. However, absolute couplings cannot be established without imposing some theoretical assumptions, as the total width is not measurable. One approach [4] , is to limit the HWW and HZZ couplings are less than or equal to their Standard Model values. The results of this can be seen in figure 2. The conclusion is that couplings to W, Z, t and τ can be extracted with precision of order 40%, while the b quark coupling has an error of 60% when two experiments with 30 fb −1 are combined. These numbers will improve with larger datasets.
Note that the measurement of the ttH → ttbb process is important for this derivation. The most recent ATLAS study [5] expected a significance of order only 0.5 σ from 30 fb −1 ; much lower than assumed in Fig 2 (right) . The analysis of H → bb will be suplemented by the addition of the production channels W H and ZH, which are under development.
The self-couplings of the Higgs, accessed through HH production, are a particular challenge for LHC experiments [6] . This is sometimes advanced as a motivation for the SLHC, but this needs justification.
SPIN AND PARITY
The spinless nature of the Higgs boson is unique, and should be verified. The channels used for its observation will instantly prove that the spin is integral (and, incidentally, show it to be chargeless and colourless). Furthermore the likely observation of the twophoton decay mode will further remove the possibility of a spin one particle. However, verification of the spin zero parity plus nature must be done.
FIGURE 3.
The angles used to spin-analyse the ZZ * channel (left) and the mass distribution of the off-shell boson (right). Plots are from [7] .
The ZZ * channel is especially suitable for this extraction. In particular the decay angles of the Z bosons allow the extraction of both spin and parity. This has been studied mostly for on-shell ZZ production, suggesting a high degree of separation is possible for 100 fb −1 [8] . For the lower Higgs masses currently expected the mass distribution, as shown in Fig. 3 , also has an important role to play.
Furthermore the spin and parity can also be extracted from the VBF process, which also sensitive to large CP odd or even couplings in addition to the Standard Model ones with only 10 fb −1 [9] .
